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THE ACOUSTIC VOWEL SPACE OF A NORTH DAKOTA 
ENGLISH IDIOLECT: COMPARISON WITH THREE 
DIALECTS 
 
ETTIEN KOFFI AND MOLLY SAND1 
 
ABSTRACT 
The focus of this study is on the acoustic vowel space of one female speaker’s (the second 
author) idiolect compared to General American English (GAE), Midwest English (MWE), 
and Central Minnesota English (CMNE). The test items are <heed, hid, hayed, head, 
had, hod, hawed, hoed, hood, who’d, hud>. Each word was repeated three times. Each 
repetition was measured for F0, F1, F2, F3, intensity, and duration. Acoustic vowel 
spaces are created in which Sand’s vowels are compared with GAE, MWE, and CMNE 
vowels.  F1 and F2 are also compared to determine the extent to which Sand’s vowels 
are similar, or different from the three dialects under consideration.  
 
1.0 Introduction 
Students enrolled in the first author’s phonetics course are required to complete 
13 separate projects that investigate their own idiolect of English. At the end of the 
course the best projects are selected for additional editing, expansion, and publication. 
Sand’s acoustic vowel project meets these criteria and more. Not only were her 
measurements thoughtfully and meticulously done, but also to the best of the second 
author’s knowledge, there has not been any acoustic phonetic publication devoted to the 
acoustic vowel space of North Dakota English. Even though this is an idiolectal study 
and is not truly representative of the dialect of General American English (GAE) spoken 
in North Dakota, Sand’s data gives us a glimpse of some aspects of what North Dakota 
English (NDE) may look like. To reach this understanding, we have divided the paper 
into six small sections. The first provides some basic information about the area in North 
Dakota where Sand grew up; the second describes succinctly the procedure and 
methodology used to analyze Sand’s pronunciation. The third summarizes the relevant 
acoustic data from Sand’s pronunciation of vowels, the fourth compares her vowels with 
GAE speakers, the fifth does the same with Midwest English (MWE), and the sixth with 
the dialect of English spoken in Central Minnesota (CMNE).  
 
1.1 Background Information about the Speaker 
 The voice recorded and studied is that of Sand. Sand is a twenty-year old female 
from Grand Forks, North Dakota. Grand Forks is located in Grand Forks County, on the 
Eastern side of North Dakota. According to the Census of 2013, the population was 
approximately 54,932. She spent the first 19 years of her life there. Age 17 is important 
in sociolinguistic studies because, according to Labov et al. (2013:30, 39).  It is the age at 
which the dialect of most people changes the least. Her first language is English. She 
studied French for six years. The dialect of American English that Sand speaks is 
																																																								
1The second author provided the rough data and the initial measurements.  The first author is primarily 
responsible for the acoustic interpretations of the data.  
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classified in the TELESUR Project as North Central, as shown in Map 1.2  This dialect 
area includes the whole of North Dakota, the whole Minnesota, large portions of South 
Dakota and Wisconsin, and a smaller portion of Northern Iowa. 
 
 
Map 1: North Central Dialect of English 
 
1.2 Procedures and Methodology 
 Students who take the first author’s phonetics course are required to complete 13 
individual projects. They record themselves producing words, phrases, and texts. The 
students then analyze their own speech throughout the semester. Sand’s vowel project 
was selected from among fifteen others for three main reasons. Her recordings were of 
very good quality, she demonstrated willingness to work hard on it, and no paper has yet 
been published in Linguistic Portfolios on the dialect of English spoken in North Dakota.   
Sand recorded herself reading the words <heed, hid, hayed, head, had, hod, hawed, hoed, 
hood, who’d, hud>. Each word was repeated three times. The acoustic correlates 
investigated are F0 (a measure of pitch), F1 (a measure of vowel height), F2 (a measure 
of the horizontal movement of the tongue), F3 (a measure of lip rounding/protrusion), 
intensity, and duration. The recordings were made on Sand’s laptop computer: MacBook 
Pro, Retina, 13-inch, Late 2013 model via PRAAT (Boersma 2010), open source 
software used in acoustic phonetic analyses, version 6.0.10. Figure 1 illustrates the 
annotation procedure that used to collect all the acoustic data. Appendix 1 displays the 
																																																								
2 Retrieved from: http://www.ling.upenn.edu/phono_atlas/home.html#regional on October 3, 2016.  Unless 
otherwise noted, all maps in the article are from the same source 
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Figure 1: <heed> 
 
Table 1 displays all the relevant measurements of Sand’s vowels. Appendix 1 contains 
these same measurements and additional data from GAE, MWE, and CMNE.  
 
Lexical Set heed hid hayed head had hod hawed hoed hood who’d hud 
Vowels [i] [ɪ] [e] [ɛ] [æ] [ɑ] [ɔ] [o] [ʊ] [u] [ʌ] 
Sand F0 166 216 155 134 136 118 152 198 211 242 170 
Sand F1 346 474 458 697 873 880 887 508 569 360 706 
Sand F2 2800 2276 2530 2052 1877 1427 1445 1084 1527 1193 1640 
Sand F3 3241 3140 2994 3081 2996 3122 2966 3035 2985 2855 3115 
Sand Ints 65 64 65 64 65 66 66 65 66 67 66 
Sand DUR 277 204 285 193 269 282 282 320 197 254 166 
GAE F1 310 430 NA 610 860 850 590 NA 470 370 760 
GAE F2 2790 2480 NA 2330 2050 1220 920 NA 1160 950 1400 
MWE F1 437 483 536 731 669 936 781 555 519 459 753 
MWE F2 2761 2365 2530 2058 2349 1551 1136 1035 1225 1105 1426 
CMNE F1 385 573 508 754 848 855 851 569 626 417 743 
CMNE F2 2609 2232 2487 2028 1951 1462 1420 1117 1519 1230 1643 
Table 1: Summary of Acoustic Correlates 
 
 In acoustic phonetic studies of vowels, F1 and F2 are deemed the most important 
for intelligibility. F1 alone contains the acoustic energy of the vowel (Ladefoged and 
Johnson 2015:207). F2 helps classify vowels into front, central, or back vowels. Even 
though F3 plays some role in vowel quality, it is not represented in acoustic vowel 
spaces. There are various acoustic thresholds that are relevant for assessing the 
intelligibility of speech sounds. Koffi (2016:115-134) has provided a detailed analysis of 
such frequencies. Suffice it in this paper to highlight how F1 and F2 are used to study 
intelligibility and sociolinguistic variations: 
3
Sand and Koffi: The Acoustic Vowel Space of a North Dakota English Idiolect: Comp
Published by theRepository at St. Cloud State, 2017
                                                         Linguistic Portfolios–ISSN 2472-5102 –Volume 6, 2017 |	 86 
 
1. Two phonetically similar vowels are perceptually identical if their F1s are within 
60 Hz or each other. 
2. Two phonetically similar vowels are perceptually identical if their F2s are within 
200 Hz or each other. 
3. Two phonetically similar vowels have merged if their F1s are within 20 Hz or 
each other. 
 
In addition to these standard reference levels, (Ladefoged and Johnson 2015:234) 
recommend making acoustic vowel spaces for comparative vowel studies. Norm, an open 
source online program developed, is used to create all the different acoustic vowel spaces  
in this paper (Thomas and Kendall 2006).	
 
 
Figure 1: Acoustic vowel space of Sand’s vowels 
 
 
Two quick observations can be made about Sand’s vowel space. First, the vowels [ɑ] 
(880 Hz) and [ɔ] (887 Hz) have merged in her speech. The acoustic distance between 
them is a mere 7 Hz.  Since humans cannot perceive frequencies below 20 Hz, it means 
that if Sand produces [ɑ] and [ɔ] people listening to her cannot discriminate between 
them.    
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Map 2: Merger of [ɑ] and [ɔ] 
 
 
The second observation is that  her [ɪ] (474 Hz) is higher by 16 Hz than her [e] (458 Hz). 
The F2 distance of 254 Hz keep them perceptually distinct. More will be said about this 
in 1.6. Map 3 provides evidence of a merger between [ɪ] and [e] before [n] in North 
Dakota.  We see that these two vowels are close to each other in Sand’s speech, even 
though the present study did not investigate how she produces these vowels before [n]. 
 
5
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Map 3: Merger of [ɪ] and [e] 
 
1.3 GAE and Sand Acoustic Vowel Space 
Peterson and Barney’s (1952) article entitled Control Methods Used in a Study of 
Vowel is the most influential acoustic phonetic study of vowels in American English.  
Their methodology has been replicated hundreds of times to study vowels in other 
dialects of English and vowels in other languages. The study of Sand’s vowels is a 
replication of their study. Their original study had 76 participants: 33 men, 28 women, 
and 15 children. All of the speakers were US-born, except for 2 who were born outside of 
the US. They recorded 10 vowels and excluded the vowels [e] and [o], which they 
considered to be diphthongs. Each word containing the vowels under consideration was 
repeated twice for a total number of 1520 utterances. Page 183, Table II of their article 
contains F1, F2, and F3 formant measurements for men, women, and children. Table 2 
compares and contrasts Sand’s F1 and F2 measurements with those of the females in 
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Lexical Set heed hid hayed head had hod hawed hoed hood who’d hud 
Vowels [i] [ɪ] [e] [ɛ] [æ] [ɑ] [ɔ] [o] [ʊ] [u] [ʌ] 
GAE F1 310 430 NA 610 860 850 590 NA 470 370 760 
Sand F1 346 474 458 697 873 880 887 508 569 360 706 
Difference F1 36 44 NA 87 13 30 297 NA 99 10 54 
GAE F2 2790 2480 NA 2330 2050 1220 920 NA 1160 950 1400 
Sand F2 2800 2276 2530 2052 1877 1427 1445 1084 1527 1193 1640 
Difference F2 10 204 NA 278 173 207 525 NA 367 243 240 
Table 2: Sand vs. GAE Acoustic Measurements 
 
 The comparison shows that three of Sand’s vowels are markedly different in F1 
from their counterparts in GAE. Her [ɛ] (697 Hz) is lower by 87 Hz than the one in GAE 
(610 Hz). Her [ʊ] (569 Hz) is lower by 99 Hz compared to its counterpart in GAE (370 
Hz). However, the greatest variation of all is her [ɔ] (887 Hz) which is lower by 297 Hz 
that the one on GAE (590 Hz).   
 
 
Figure 2: Comparative acoustic vowel space of GAE and Sand 
 
 
In regard to F2, Sand’s front vowels [ɪ] and [ɛ] are becoming less fronted in relation to 
GAE. There is a slight tendency towards centralization of these vowels. The centralizing 
tendency becomes more obvious with her back vowels. Her vowels [ɔ], [ʊ], [u] and [ʌ] 
are fronted by more than 200 Hz in comparison to their counterparts in GAE. Her vowel 
7
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that has fronted the most is [ɔ] (1445 Hz). It is 525 Hz more fronted than the one in GAE 
(920 Hz).    
 
 Since F1 plays a more robust role in vowel intelligibility, we note that speakers 
whose vowels resemble closely the one in GAE will perceive Sand as having an accent 
on account of how she pronounces [ɛ, ɔ, ʊ]. The F2 of [ɔ] and [ʊ] may contribute to this 
feeling of accented. The vowels [u] and [ʌ] will not be perceived as accented, even 
though their F2 are slightly over 200 Hz because F2 plays a less prominent role in 
perception than F1. 
 
1.4 MWE and Sand Acoustic Vowel Space  
In 1995, forty-three years after Peterson and Barney’s original article, 
Hillenbrand, Getty, Clark, and Wheeler replicated their study to investigate the vowels of 
American English spoken in the Midwest (MWE). Their study had 139 participants: 45 
men, 48 women, and 46 twelve-year old children. There were 27 boys and 19 girls. Boys 
and girls were lumped together as “children” because before puberty, there is not a 
significant acoustic difference in gender. Even though the article is said to be 
representative of Midwest English, most of the participants (89%) were from Michigan’s 
lower peninsula. Others came from Illinois, Wisconsin, Minnesota, northern Ohio, and 
northern Indiana. Hillenbrand et al.’s (1995) article is different from Peterson and 
Barney’s because the former included [e] and [o], which the former rejected. Their study 
was also different because measured duration and F0, which Peterson and Barney did not 
measure.   The acoustic measurements in Table V, page 3103 of their paper are based on 
1668 tokens. Sand’s vowels are compared with the ones in Hillenbrand et al (1995) to see 
to what extent, if any, her vowels differ from those from the Midwest. 
 
Lexical Set heed hid hayed head had hod hawed hoed hood who’d hud 
Vowels [i] [ɪ] [e] [ɛ] [æ] [ɑ] [ɔ] [o] [ʊ] [u] [ʌ] 
MWE F1 437 483 536 731 669 936 781 555 519 459 753 
Sand F1 346 474 458 697 873 880 887 508 569 360 706 
Difference F1 91 10 78 34 204 56 106 47 50 99 47 
MWE F2 2761 2365 2530 2058 2349 1551 1136 1035 1225 1105 1426 
Sand F2 2800 2276 2530 2052 1877 1427 1445 1084 1527 1193 1640 
Difference F2 39 89 0 6 472 124 309 49 305 88 214 
MWE DUR 306 237 320 254 332 323 353 326 249 303 226 
Sand DUR 277 204 285 193 269 282 282 320 197 254 166 
Difference DUR 29 33 35 61 63 41 71 6 52 49 60 
Table 3: Sand vs. MWE Acoustic Measurements 
 
 The F1 correlate indicates Sand has three vowels that are markedly different from 
their counterparts in the Midwest. Her tense vowels [i] (346 Hz) and [u] (360 Hz), and [e] 
(458 Hz) are considerably higher than the ones in MWE (437 Hz), (459 Hz), and (536 
Hz).  In all instances, the F1 distance is > 60 Hz. It means that people who speak this 
“Midwest” dialect will perceive Sand’s pronunciations of these vowels dialect as 
different. The low vowels [æ] and [ɔ] are also higher in Sand’s pronunciation than their 
counterparts in the Midwest.   
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 Notable F2 differences include the migration of [æ] towards the center of the 
vowel quadrant and the fronting of  [ɔ]. Sand’s [æ] is 472 Hz more backed than the one in 




Figure 3: Comparative acoustic vowel space of MWE and Sand 
 
In summary, Sand’s vowels are characterized by the raising of tense vowels, the 
centralization of [æ], and the fronting of [ɔ] and [ʊ]. These features are likely to make 
those who speak this dialect perceive her as having a slight accent.  
 
1.5 CMNE and Sand Acoustic Vowel Space   
Koffi is the main investigator of the acoustic correlates of vowels in Central 
Minnesota English (CMNE). He has been publishing on the topic since 2013 from data 
he has been collecting since 2005. His participants include 22 female and 12 male college 
students. They are described in Koffi (2013:4) and (2014:3). Koffi’s study is also a 
replication of Peterson and Barney.   
 
All of Sand’s vowels are higher than their counterparts in CMNE except for the 
low vowels [æ], [ɑ], [ɔ]. The vowels that are most conspicuously higher are [ɪ] and [o].  
The acoustic distances between these two vowels and their counterparts in CMNE are 99 
Hz and 61 Hz, respectively. The vowels [ɛ], [u] and [ʊ] are all 57 Hz higher than the 
corresponding vowels in CMNE. However, since the difference is within the 60 Hz 
threshold, accentedness is not suspected. There is virtually no perceptible F2 difference 
between Sand’s vowels and the one in CMNE. Sand’s [i] is 191 Hz more fronted, but 
since this acoustic difference is less 200 Hz, this segment does not appear to be accented. 
9
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Lexical Set heed hid hayed head had hod hawed hoed hood who’d hud 
Vowels [i] [ɪ] [e] [ɛ] [æ] [ɑ] [ɔ] [o] [ʊ] [u] [ʌ] 
CMNE F1 385 573 508 754 848 855 851 569 626 417 743 
Sand F1 346 474 458 697 873 880 887 508 569 360 706 
Difference F1 39 99 50 57 25 25 36 61 57 57 37 
CMNE F2 2609 2232 2487 2028 1951 1462 1420 1117 1519 1230 1643 
Sand F2 2800 2276 2530 2052 1877 1427 1445 1084 1527 1193 1640 
Difference F2 191 44 43 24 74 35 25 33 8 37 3 
CMNE DUR 242 174 279 191 274 258 280 261 186 236 168 
Sand DUR 277 204 285 193 269 282 282 320 197 254 166 
Difference DUR 35 30 6 2 5 24 2 59 11 18 2 
Table 4: Sand vs. CMNE Acoustic Measurements 
 
The vowels [ɑ] and [ɔ] have merged in Sand’s speech just as they have in CMNE. In both 
varieties the acoustic distances between [ɑ] and [ɔ] are respectively 4 Hz and 7 Hz.   
 
 
Figure 4: Comparative acoustic vowel space of CMNE and Sand 
 
All of Sand’s vowels are longer than the vowels in CMNE. The Just Noticeable 
Difference (JND) in duration is 10 ms (Klatt 1976, Hirsh 1959). This means that there is 
no durational difference between [e, ɛ, æ, ɔ, ʌ] produced by Sand and the ones in CMNE. 
Since the durational difference between [ʊ] in both dialects is only 11 ms, it can be 
concluded that these two vowels are produced similarly. However, the way Sand 
produces the vowels [i, ɪ, ɑ, o, u] is noticeably different from CMNE speakers. Even 
10
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more noticeable is the difference between the two [o]s. Sand’s [o] is longer by 59 ms than 
the already long MN [o]. Minnesotans are somewhat vindicated that the “strong” 
Minnesota accent portrayed in the movie Fargo is indeed a North Dakota accent that is 
misapplied to Minnesota. Indeed, Fargo is a city in North Dakota, not in Minnesota. A 
student from Minnesota posted the following comment on a Discussion board on October 
31, 2016 regarding vowel lengthening in Fargo area:  
 
It's funny that Fargo was mentioned. Every time I go to Fargo I laugh at how 
everyone there elongates their [sic] vowels. For instance, when saying "Fargo" 
they typically say "Faaaaaargo", and really elongate their "a's" or "o's". However, 
I have friends from Iowa that say we do the exact same thing.  
 
Her impressionistic observations are correct with regard to the vowels [ɑ] and [o].  These 
two vowels are substantially longer in Sand’s idiolect than in the CMNE dialect under 
consideration. 
 
1.6 Masking and Mergers 
Koffi (2017:109) explains that masking occurs when the F1 distance between two 
adjacent vowels that are phonetically similar, but functionally different, is less than 60 
Hz. Table 5 displays the various layers of masking and their potential effect on 
intelligibility.  
 
N0 F1 Acoustic Distance Degrees of Masking 
1.  > 61 Hz No masking/optimal intelligibility 
2.  41Hz – 60 Hz Slight masking/good intelligibility 
3.  21 Hz – 40 Hz Moderate masking/compromised intelligibility 
4.  0 Hz – 20 Hz Complete masking/severe unintelligibility 
Table 5: Masking and Intelligibility 
 
The vowels [ɪ] (474 Hz) and [e] (458 Hz) completely mask each other with respect to 
their F1s. The acoustic distance between them is only 16 Hz. Technically, severe 
unintelligibility is expected. However, this prediction is somewhat mitigated by the fact 
that the F2 distance of 254 Hz keep them sufficiently distinct from each other. If Sand 
pronounces the words <fit> and <fate>, it is quite likely that some hearers may confuse 
her [ɪ] and [e].  As for [ɑ] (880 Hz) and [ɔ] (887 Hz), since their F1s are separated only 
by 7 Hz and their F2 by only 18 Hz, it can be said that they mask each other completely.  
Consequently, when Sand says <caught> vs. <cot>, hearers cannot perceive any 
difference between these two words.  
 
1.7 Summary 
  Sand’s idiolect is characterized by a raising of virtually all her vowels. Her front 
vowels are slowly migrating towards the center of the vowel quadrant; and so are her 
back vowels. This makes her idiolect markedly different from GAE and MWE English.  
However, the F2 of her vowels are comparable to those in CMNE. The only vowel whose 
F1 is sufficiently different from its counterpart in CMNE is [ɪ]. It is raised 99 Hz higher.   
Another characteristic of Sand’s vowels that makes her idiolect stand out from CMNE is 
11
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the duration of her vowels. They are all longer than the ones produced by CMNE 
speakers. Particularly noticeable are the durations of her [i]s, [ɪ]s, and [o]s. It is unclear 
whether these acoustic correlates are idiosyncratic with Sand’s pronunciation or if they 
are dialectal features of North Dakota English. An acoustic phonetic study of speakers 
from this state will help determine how their dialect at once similar, but different from 
other regions of the US.   
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Lexical Set heed hid hayed head had hod hawed hoed hood who’d hud 
Vowels [i] [ɪ] [e] [ɛ] [æ] [ɑ] [ɔ] [o] [ʊ] [u] [ʌ] 
Sand F0 166 216 155 134 136 118 152 198 211 242 170 
GAE F1 310 430 NA 610 860 850 590 NA 470 370 760 
Sand F1 346 474 458 697 873 880 887 508 569 360 706 
Difference F1 36 44 NA 87 13 30 297 NA 99 10 54 
GAE F2 2790 2480 NA 2330 2050 1220 920 NA 1160 950 1400 
Sand F2 2800 2276 2530 2052 1877 1427 1445 1084 1527 1193 1640 
Difference F2 10 204 NA 278 173 207 525 NA 367 243 240 
MWE F1 437 483 536 731 669 936 781 555 519 459 753 
Sand F1 346 474 458 697 873 880 887 508 569 360 706 
Difference F1 91 10 78 34 204 56 106 47 50 99 47 
MWE F2 2761 2365 2530 2058 2349 1551 1136 1035 1225 1105 1426 
Sand F2 2800 2276 2530 2052 1877 1427 1445 1084 1527 1193 1640 
Difference F2 39 89 0 6 472 124 309 49 305 88 214 
CMNE F1 385 573 508 754 848 855 851 569 626 417 743 
Sand F1 346 474 458 697 873 880 887 508 569 360 706 
Difference F1 39 99 50 57 25 25 36 61 57 57 37 
CMNE F2 2609 2232 2487 2028 1951 1462 1420 1117 1519 1230 1643 
Sand F2 2800 2276 2530 2052 1877 1427 1445 1084 1527 1193 1640 
Difference F2 191 44 43 24 74 35 25 33 8 37 3 
Table 6: Summary of Acoustic Correlates 
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 <hid> [ɪ] F0 F1 F2 F3 Duration Intensity 










 <hayed> [e] F0 F1 F2 F3 Duration Intensity 








285 ms 65 dB 
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 <head> [ɛ] F0 F1 F2 F3 Duration Intensity 












 <had> [æ] F0 F1 F2 F3 Duration Intensity 
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 <hod> [ɑ] F0 F1 F2 F3 Duration Intensity 








282 ms 66 dB 
 
 
 <hawed> [ɔ] F0 F1 F2 F3 Duration Intensity 












Linguistic Portfolios, Vol. 6 [2017], Art. 8
https://repository.stcloudstate.edu/stcloud_ling/vol6/iss1/8




F0 F1 F2 F3 Duration Intensity 








320 ms 65 dB 
 
  
 <hood> [ʊ] F0 F1 F2 F3 Duration Intensity 
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F0 F1 F2 F3 Duration Intensity 















F0 F1 F2 F3 Duration Intensity 












Linguistic Portfolios, Vol. 6 [2017], Art. 8
https://repository.stcloudstate.edu/stcloud_ling/vol6/iss1/8
